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Abstract  
Programmes are a means by which to realise complex change and corporate transformation. In management, the inherent 
uncertainty and ambiguity of programmes cannot be handled by a mechanistic way of thinking. The organic management 
system, which has its roots in building analogies between natural and anthropological systems, is said to be a better basis from 
which to conceptualise programme management. It is argued in this paper that biomimetics, the discipline of using principles 
derived from living systems for design solutions, can be leveraged to develop bio-inspired programme management solutions. 
The paper presents an overview of programmes and bio-inspired approaches in management and organisational theory. The 
discipline of biomimetics is introduced. In combination, these observations are used to conceptualise a process model for the 
implementation of bio-inspired programme management design based on a biomimetics approach.  
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the IPMA. 
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1. Introduction  
An early definition of a programme can be found in the Apollo mission terminology handbook of the US National 
Aeronautics and Space Administration (NASA). A programme is defined as a “… related series of undertakings 
designed to accomplish a broad scientific or technical goal. Attainment of such long range goals may be 
accomplished by implementation of specific projects.” (NASA, 1963, p. 75). 
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Programmes of projects used mainly to be concerned with attaining technical and scientific goals. By the early 
1990s project management had been adopted in almost all economic sectors and went on to become an inherent 
part of everyday business in most organisations (Morris, 2011). The number of projects in organisations has 
steadily increased, so that multi-project settings emerged (Engwall & Jerbrant, 2003). At the same time, the scope 
of project management application has changed. The project management concept has been extended from large-
scale, single-technology projects with a clear goal to the management of business projects, such as organisational 
development and strategy implementation (Gareis, 1991). The traditional orientation to efficiency targets in project 
management, manifested in the so-called “iron triangle,” was supplemented by an effectiveness perspective in the 
sense of increasing business value and performance (Morris, 2011). By early 1990s the necessity for horizontal and 
vertical coordination of multi-project settings became apparent and a more “business-driven” approach to 
programme management emerged (Morris, 2011; Pellegrinelli et al., 2007). Programmes have become means by 
which to realise complex change and corporate transformation (Pellegrinelli, 2011), leading to the demand for a 
situation specific programme management approach based on the organic management system (Burns & Stalker, 
1961; Lycett et al., 2004; Pellegrinelli et al., 2007).  
The aim of this paper is to outline a systematic approach for the generation and implementation of bio-inspired 
solutions using a biomimetics approach. The paper begins with an overview of the current understanding of 
programmes and the need for an organic approach to programme management. Further, in an overview of bio-
inspired approaches to management, implementation issues that are stated to undermine the practical feasibility of 
bio-inspired concepts in management are highlighted. The biomimetics discipline is introduced and a process 
model for bio-inspired programme management design is conceptualised. This contribution ends with a conclusion 
and a short outlook on further research. 
2. The need for a biomimetics approach in programme management design  
2.1. Evolution of programme management 
Ferns (1991, p. 149) defines a programme as “…a group of projects that are managed in a coordinated way to 
gain benefits that would not be possible were the projects to be managed independently.” Programme management 
is seen as a coordinating framework for benefit realisation in a multi-project setting. Pellegrinelli (1997) also 
emphasises the benefit realisation by managing projects in programmes. Further, the author argues that projects 
can be defined during the life cycle of a programme and be directed towards a common goal by the programme 
structure. Murray-Webster & Thiry (2000) as well as ISO (2012) define a programme as a collection of related 
projects and other activities in line with strategic and tactical goals. Business programmes are means by which to 
realise complex change and corporate transformation (Pellegrinelli, 2011). Uncertainty and ambiguity are the main 
drives of a more “business orientated” programme management approach (Thiry, 2010). An indicator for 
complexity in project and programme management is the structure of a given system, i.e. the number of different 
elements and their mutual interdependencies (Baccarini, 1996; Krallmann, Schönherr & Trier 2007). Generally, 
programmes include a higher number of elements and complex interactions than single projects (Seidl, 2011). 
Moreover, strategic goals are often ambiguous and uncertain in nature, i.e. programme targets are not clearly 
defined (Turner, 2009) and are subject to constant change (Thiry, 2010). Stochastic variation of the programme 
goals in turn lead to a change of the system elements and their interaction, i.e. a dynamic change in the structural 
complexity of a system (Williams, 1999). The management of business programmes can therefore be described as 
a “…complex process of balancing the (often-conflicting) interests of multiple participants.“ (Platje & Seidel, 
1993, p. 209) 
2.2. Shortcomings in the current programme management approach 
In their critical literature review Lycett et al. (2004) state that the standards and approaches in programme 
management are characterised by an excessive focus on control, lack of flexibility in dealing with evolution of 
strategy and by an ineffective collaboration between projects within programmes. These shortcomings may be 
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traced back to two false assumptions, namely that a “one size fits all” approach is sufficient and that a programme 
is a scale-up version of a project. 
A generic approach to programme management is problematic due to rather general recommendations. Actual 
approaches in programme management recognise different forms of programmes, but do not provide any guidance 
regarding the advised adjustments (Lycett et al. 2004).  
Beside the need for adjustment of the programme management practice to the organisational setting the 
underling image of organisation (Morgan, 1980) is questioned. In the project-based view of programmes, which is 
claimed to be the main foundation for actual standards in programme management (Pellegrinelli et al., 2007), a 
programme, a project, a task etc. are regarded as different hierarchical levels of project work (Gray, 1997). The 
same tools and methods are applied to projects as to programmes (Lycett et al. 2004). A programme, in the sense 
of a project, is regarded as a machine or a tool (Packendorff, 1995). The underlying assumption is that a full 
understanding of the world can be gained by an analysis of its parts. This facilitates rational engineering of jobs 
and tasks in order to meet externally given and unambiguous goals (Morgan, 1980; Gharajedaghi & Ackoff, 1984). 
The inherent uncertainty and ambiguity of programmes cannot be handled by a mechanistic way of thinking. 
Organic management systems (Burns & Stalker, 1961) are stated to be “…the better base from which to 
conceptualise ways that programmes can achieve and retain their relevance and contribution.” (Pellegrinelli et al., 
2007, p. 51) 
The distinction between mechanistic and organic management systems, as proposed by Burns and Stalker 
(1961), represents two ideal types of a management system, see Table 1. 
Table 1: Management systems according to Burns & Stalker 1961, Schreyögg 2003  
Management system Organic  Mechanistic 
Co-ordination Mutual Hierarchic 
Means of control Expertise  Command and obedience  
Source of authority  Knowledge Formal organisation 
Task differentiation Low High 
Basic orientation Whole concern Single task 
Differences in knowledge  Low High 
Centralisation Low High 
Formalisation  Low High 
Detail of job description Low High 
Definition of responsibilities  Diffuse Precise 
Communication structure Lateral Vertical 
Communication purpose  Information and advice  Instructions and decisions 
Sources of relevance and prestige (Mainly) external  Internal  
The organic management system comprises a network structure of control, authority and communication. The 
level of formalisation is lower than in a mechanistic system. This implies somewhat diffuse definitions of 
responsibilities and low detail of job descriptions. The level of centralisation and differences in knowledge 
between members of organisation in an organic management system are low. Therefore, the purpose of 
communication is information and advice rather than instructions and decisions. Organisational members feel 
responsible for the whole enterprise and not for a highly differentiated task as proposed in the mechanistic 
management system. Expertise and knowledge about the enterprise as well as the broader environment are highly 
valued by organisational members (Burns & Stalker, 1961).  
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2.3. Advantages of a biomimetics approach in programme management design  
The organic management system proposed by Burns & Stalker (1961) can be regarded as a model based on the 
development of the organismic image of organisation (Morgan, 1980), which was originally introduced by Herbert 
Spencer in his analogical comparison between biological organisms and societies in the late nineteenth century 
(Adams & Sydie, 2001). In his work on a general model theory Stachowiak (1973) states that models are 
characterised by three properties:  
• Image characteristic, i.e. models are always models of something. They are representations of natural or 
artificial originals that can be models themselves.  
• Reduction characteristic, i.e. in general models do not capture all aspects of the represented original. Only 
attributes seen as relevant by model creators or users are taken in consideration.  
• Pragmatic characteristic, i.e. model requirements are derived from the purpose. Models fulfill their function as 
surrogates for certain subjects (for whom?), within certain time intervals (when?) and restricted to certain 
mental or physical operations (Why?). The pragmatic characteristic determines the selection of relevant aspects 
of the represented original. 
The reduction characteristic of a model implies that there is more than one possible representation of an 
original. In fact, nature has inspired several research endeavours to build concepts for organisational and 
management design. Beer (1972) introduced the Viable System Model as a cybernetic reference framework for 
description, analysis and design of the management of organisations. The model is based on an observation of the 
human central nervous system and comprises five interrelated sub-systems that determine the viability of a system 
in a complex environment. Ulrich & Fluri (1975) provide a different interpretation of the organismic and 
mechanistic management systems. Vester (2007) derives eight basic rules of living systems based on observations 
of biotopes and ecological systems. The rules derived are stated to be a general truth for any living organism of any 
size. The use of these rules reduces complexity of management and helps retain system viability by enabling self-
organisational behaviour as well as system stability. The St. Gallen evolutionary management approach builds on 
the natural science concept of evolution. The main goal of an evolutionary management system is to facilitate a 
desired level of variety by creating favourable preconditions for self-organisation. Management is regarded as a 
state of mind and no algorithms or “how-to-do principles” are provided (Malik & Probst, 1981; Probst, 1987). In 
the project management field Gabher (2002) utilises the concept of ecology by defining a so-called project ecology 
as “...a heterarchic form of social organization [...] that, despite dense patterns of interaction, is less systemic and 
less coherent than the more established territorial innovation models” (Grabher, 2002, p. 246). Joslin & Müller 
(2013) draw an analogical comparison between studies in molecular biology and project management in order to 
contribute to a transformative research in the project management field.  
The variety of bio-inspired concepts reflects the inherent potential of nature to serve as an inspirational basis for 
organisational and management design. Further ideas for organisational and management based on natural systems 
such as social insects (Hölldobler et al., 2009; Seeley, 2010) can be supplemented in order to “fit any situation”
(Morgan, 1998, p. 323).  
The practical relevance of newly derived ideas should not be undermined by (a) derivation of abstract general 
laws or (b) unclear instructions. Ossimitz (2000), for example,  criticises the eight basic rules proposed by Vester 
(2007) as being bold statements that are neither critically reviewed nor easy to implement in practice. Kieser & 
Woywode (2002) state that the evolutionary management concept does not contribute to generally new solutions 
when compared with conventional approaches to organisational design. The reason for this lies in missing or vague 
propositions of substantial solution concepts. Examples of formulated recommendations are a higher level of 
decentralisation, less formalisation and an enhancement of self-organisation. However, it remains unclear how the 
right level of decentralisation can be determined or how much self-organisation is really necessary, etc. Thus, 
organisational design becomes a trial and error process that is stated to be highly problematic. Organisational 
designers and managers, if not supported by concrete recommendations, remain trapped in old patterns of thought. 
They tend to hold on to best practices they have learned even if they are ineffective.  
We state that biomimetics as “...the discipline of using principles derived from living systems in the solution of 
design problems” (Steel J.E. 1958-1960 cited in Gray et al. 1995, p. 62) may help to overcome the above-
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mentioned implementation issues and provide a sound basis for learning from natural systems for programme 
management design.  
3. Towards a biomimetics approach to programme management design 
3.1. Biomimetics in management  
The term biomimetics comprises the words “...bios, meaning life, and mimesis, meaning to imitate” (Bar-
Cohen, 2006, p. 2). The discipline of biomimetics “…deals with the development of innovations on the basis of 
investigation of natural, evolutionarily optimized biological structures, functions, processes, and systems” (Gleich 
et al., 2010, p. 18). The biomimetics discipline can be differentiated into several areas of application. The 
dominating application fields are engineering and construction. However, biomimetics bears great potential for 
organisational and management process innovation (Nachtigall, 2003; Vester, 2007).  
Successful adaptation of natural ideas is best when they are used as a source of inspiration for human-made 
capabilities and not simply copied (Bar-Cohen, 2006). Biomimetics incorporates process models in order to 
support the adaptation of natural ideas (Zerbst, 1987; VDI, 2011). Although several authors have investigated bio-
inspired solutions for organisation and management, a biomimetics process model for specific solutions generation 
in organisational and management design was long neglected by the scientific community.  
Seipold (2012) has developed a bionic process model for optimising supply chains based on an extensive 
literature review of bionic process models in engineering as well as problem solving by analogy. The proposed 
process model for optimising supply chains comprises three phases which represent three distinct areas of an 
analogical approach to problem solving (Hesse, 1991), namely analogical mapping, analogical understanding and 
analogical problem solving. The phases are interrelated in the sense that phase C is not possible without the 
preliminary work done in phases A and B. The three phases of analogical problem solving are supplemented by the 
three steps of biomimetics work, i.e. identification and description, derivation of so-called principles, and 
application of them for problem solving (Nachtigall, 2010). According to Seipold (2012), derivation of so-called 
principles is a crucial part in the biomimetics approach. Nevertheless, he concludes that the term principle is not 
further specified and is used inconsistently in biomimetics literature. The same definition problem apply in the case 
of organisational and management theory. So-called organisational principles were misleadingly interpreted as 
rules or general laws (Picot, 1979). Mooney (1937, p. 91), for example, defined a principle as “something 
fundamental“ and Brown (1945, p. 270) defined principles as a “...general truth or proposition; specifically, as 
relating to organization.” The formation of principles has therefore been criticised for being normative and 
contradictable and not useful or even disturbing for organisational design (Simon, 1981). This criticism may be 
defused by taking into consideration the work of Henry Fayol who pointed out that application of principles “… is 
a difficult art requiring intelligence, experience, decision and proportion” (Fayol, 1949, p. 19). Thus, organisational 
principles have a heuristic function and are not postulates or axioms in the sense of a theory (Massie, 1965; 
Beensen, 1969). In his contribution on the general science of biomimetics Nachtigall (2010) states that principles 
can be regarded as models, and the (neo-)pragmatic model theory proposed by Stachowiak (1973) provides a 
sound foundation for biomimetics work. Hence, principles derived from in the proposed biomimetics approach are 
regarded as models and not as general laws or postulates.   
In summary, it can be stated that the theoretical foundations of the biomimetics approach help to resolve the 
above-mentioned issues of learning from nature, i.e. (a) derivation of abstract general laws or (b) unclear 
instructions. The biomimetics approach leads to models of natural systems in accordance with the pragmatic and 
reduction characteristic of models and not to abstract recommendations in the sense of general laws. Models are 
derived for a particular problem based on analogous systems. Analogies incorporate assumptions about similarities 
or differences between corresponding elements in two diverse systems as well as about sets of interdependencies 
between elements in each system (Hesse, 1963). They are used to connect a well known instance in one domain to 
a less understood instance in another domain (Biela, 1991). Research on analogical problem solving based on 
semantically distant domains – as in the case of biomimetics (Kalogerakis, 2010; Seipold, 2012) – indicates that 
analogies help to overcome rigid thinking patterns and promote creative solutions design (Gick & Holyoak, 1980).  
882   Anton Worobei and Heike Flämig /  Procedia - Social and Behavioral Sciences  119 ( 2014 )  877 – 886 
3.2. Conceptualisation of a biomimetics process model for programme management design  
The biomimetics process model for optimising supply chains by Seipold (2012) builds the foundation for a 
process model for bio-inspired programme management design, see Fig. 1. 
  
Fig. 1: A process model for bio-inspired programme management design according to Seipold (2012) 
In phase A anthropogenic systems under investigation are differentiated according to specific characteristics. 
The derived characteristics are used to identify suitable biological systems by application of analogical mapping. 
Analogical mapping enables the transfer of knowledge concerning causal relationships between sets of elements in 
two analogous systems (Seipold, 2012). Table 2 gives an overview of definitions for a programme and the derived 
programme characteristics. 
Table 2: Overview of programme definitions and derived characteristics of a programme 
Definitions for a programme Derived characteristics of a programme 
“A related series of undertakings designed to accomplish a broad 
scientific or technical goal. Attainment of such long range goals may 
be accomplished by implementation of specific projects.” (NASA, 
1963) 
Related projects; long-term focus; one goal  
“A programme is a group of projects that are managed in a 
coordinated way to gain benefits that would not be possible were the 
projects to be managed independently.” (Ferns, 1991) 
Related projects; synergetic benefit creation 
“A programme is a framework for grouping existing projects or 
defining new projects, and for focusing all the activities required to 
achieve a set of major benefits.”(Pellegrinelli, 1997) 
Related projects; synergetic benefit creation; definition of new 
projects in time  
“A collection of change actions (projects and operational activities) 
purposefully grouped together to realise strategic and/or tactical 
benefits’’(Murray-Webster & Thiry, 2000) 
Related projects and non-project activities; synergetic benefits 
creation; long-term focus 
“…a programme is defined as a temporary, flexible organization 
created to coordinate, direct and oversee the implementation of a set 
of related projects and activities in order to deliver outcomes and 
benefits related to the organization’s strategic objectives.”(OGC, 
2011) 
Related projects and non-project activities; synergetic benefit 
creation; long-term focus; finite life span  
“A group of related projects, subprograms, and program activities, 
managed in a coordinated way to obtain benefits not available from 
managing them individually (Project Management Institute, 2013) 
Related projects and non-project activities; synergetic benefit 
creation;  
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According to the definitions given in Table 2 a programme consists of at least two projects among other 
activities that share the same strategic or tactical goal. The elements of a programme can be characterised by 
synergetic interdependencies that lead to benefit creation that would not be possible if the projects were managed 
independently. A programme has a finite life span, while elements of a programme can vanish and emerge during 
its lifetime.  
Projects are important constituent parts of a programme. The foremost definition of a project is stated in ISO 
21500 – Guidance on Project Management. ISO (2012, p. 3) defines a project as a “...unique set of processes 
consisting of coordinated and controlled activities with start and end dates, performed to achieve project 
objectives. Achievement of the project objectives requires the provision of deliverables conforming to specific 
requirements.” The constituent characteristics of a project are uniqueness of processes, finite life cycle and 
provision of deliverables according to objectives. 
In combination the identified characteristics of a programme and a project form a search pattern for analogical 
mapping in the first phase of the derived biomimetics process model for programme management design, see Fig. 
2.  
Fig. 2: A search pattern for natural systems analogous to programmes 
First, a biological system that is potentially analogous to a programme,must be identified. Second, the proposed 
decision framework is used to verify whether the identified biological system is analogous to a programme. 
Analogous biological systems are documented and the search is restarted until the desired number of biological 
examples is found.  
Phase B incorporates transfer of knowledge between an anthropogenic and a natural system by application of 
analogous understanding (Seipold, 2012). Therefore, problems analysis in the field of programme management 
needs to be conducted in order to identify problems which form the foundation for ideas generation in previously 
identified natural systems. Seipold (2012) uses a biocybernetic approach in accordance with the Sensitivity Model 
proposed by Vester (2007). First, a system under investigation is described by a set of interdependent variables 
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which capture all relevant facets of this system. Second, the relations between those variables are investigated on 
the basis of the so-called Matrix of Influence (Vester, 2007). Each variable in the system is examined for its 
influence on the whole system and vice-versa. Finally, roles are assigned to each variable in the system based on 
the outcome of the Matrix of Influence. So-called active variables have the highest effect on a system and at the 
same time experience only limited or no influence from other variables. Hence, active variables are regarded as 
effective means for system intervention (Vester, 2007) and are therefore the basis for the derivation of principles 
from natural systems (Seipold, 2012).  
Due to complexity issues a system under investigation should be described by a set of 20 to 40 variables. The 
challenge is to capture all relevant aspects of a system while keeping the number of variables to a minimum 
(Vester, 2007).  
In order to capture all relevant aspects of a system in the case of programme management we propose a 
framework based on the work of Lycett et al. (2004) and Söderlund (2011).  
In their critical review of programme management approaches Lycett et al. (2004) point out three key relations 
that can be accounted for any problem in application of programme management techniques: 
• The relationship between programme management and project management within a programme  
• The relationship between projects within a programme  
• The relationship between constituent projects of a programme and the wider business context 
According to Söderlund (2011), building on the work of Grant (1996) two basic organisational problems – 
coordination and cooperation – need to be resolved in order to realise synergetic benefits of project work. 
Coordination problems stem from the complexity of the tasks. Cooperation problems arise due to conflicting goals 
of organisational individuals who may show opportunistic behaviour. Hence, managerial problems can “more or 
less” (Söderlund, 2011, p. 46) be allocated to cooperation issues – motivation and incentives – or to coordination 
issues – communication and interdependence. Based on these observations the following framework for system 
description in programme management is proposed, see Fig. 3. 
Fig. 3: Framework for system description in programme management 
The framework in Fig. 3 can be leveraged in order to guide the identification of variables in a systems 
perspective on programme management for a situation specific programme. Situation specific variables can be 
mapped according to the derived framework in order to assure that all possible problem sources in application of 
programme management are taken into consideration. 
4. Conclusion and Outlook  
Programmes have become means by which to realise complex change and corporate transformation. Learning 
from natural systems for programme management design has been proposed as a way to accommodate complexity. 
In order to support learning from natural systems a biomimetics process model was conceptualised based on the 
work of Seipold (2012) and relevant literature in the programme management domain. Due to its theoretical 
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foundations in analogical problem solving and general model theory the proposed model helps to overcome issues 
in learning from natural systems, i.e. (a) derivation of abstract general laws and (b) unclear instructions.  
Further research into the three phases of the proposed biomimetics process model for bio-inspired programme 
management design is needed. Natural examples of a programme need to be identified utilising the proposed 
framework in Fig. 2. To streamline problem analysis in the second phase of the proposed model, a catalogue of 
potential system variables for programme management can be derived based on the framework in Fig. 3. Finally, 
application of the proposed model in multiple case studies will yield examples for natural principles and derived 
solutions for programme management design, which in turn can be further investigated for their general 
applicability.  
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